Inhibition of rat heart mitochondrial respiration by cadmium chloride.
Mitochondria were isolated from hearts obtained from adult male Sprague-Dawley rats by two-part differential centrifugation of heart homogenates. Time-dependent (0-120 sec) and concentration-dependent (0-10 microM CdCl2) effects of cadmium on pyruvate-malate-supported state 3 and state 4 respiration were measured in a constant temperature reaction chamber at 37 degrees C, according to established procedures. The ID50 for cadmium chloride on state 3 respiration was determined to be 4.2 microM. The inhibition produced by cadmium chloride in heart mitochondria was compared, using identical procedures, to the effects induced by two compounds, sodium atractyloside and potassium cyanide, which are known to alter mitochondrial respiration at specific sites. The calculated ID50 values for these agents in heart mitochondria were 1.8 and 16 microM, respectively. The concentration-dependent inhibition of mitochondrial respiration induced by either cadmium chloride or potassium cyanide was maintained in the presence of 50 microM carbonyl cyanide m-chlorophenylhydrazone (CCCP), a known uncoupling agent. In contrast, sodium atractyloside did not block the uncoupling effect of 50 microM CCCP. In addition cadmium chloride was also shown to inhibit CCCP-uncoupled mitochondrial respiration. The cadmium-induced inhibition of mitochondrial respiration was reversed partially by cysteine and completely by 2,3-dimercaptopropanol. The results of the present study indicate that, at all concentrations, cadmium chloride acted solely as an inhibitor of rat heart pyruvate-malate-supported mitochondrial respiration. These findings suggest a possible mechanism for the reported disturbances in myocardial metabolism and function that occur in conjunction with acute and chronic cadmium exposure in humans and experimental animals.